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PHARMACEUTICALLY ACTIVE PIPERIDINE DERIVATIVES 

Iliepieseat inventioo relates to novel pq)mdiiie derivatives useM as inhibitors of 
glucosylc^amide syntiiase (GCS; in>P-gIacose:cearainide glycosyltians&nise UDP-glucose-Jf- 
5 acyl^phingosine D-glucosyltransferase, EC 2.4 J .80), methods for their preparation and their 
use m medicine, specifically in the treatm^t and pievendon of disease states Tnwffflfed by 
GCS. The compounds find use in tlie treatment of glycolipid storage diseases, diseases 
associated with glycolipid aocumnlation, cancers in* which glycolipid synthesis is abnormal, 
infectious diseases caused by organisms which use cell sor&ce glycolipid as lec^tois, 

1 0 infectious diseases in which synthesis of glncosylceramide is essential or important, diseases 
in which excessive glycoli{nd synthesis occurs, neuronal disorders and neunxud injury. Thdr 
sjmthesis is also described, as are phanoaceutical fotmnlations comprising the conqioiuids 
and mi^ods of treatment using the compounds. 

GCS is an intracellular enzyme that catalyzes the assembly of uridine diphosphat&* 

15 glucose and ceramide bto die glycolipid, glncosylceramide. GCS's role in biology is 
cmxently the subject of intense basic and ^lied science inteieaL For exazxQ)le, many 
investigators are exploring the role of GCS m regulating coamide levels since this molecule 
can mduce ^iopt<rtic cell death (J. BioL Chem., 2000, Mar 10, 275(10), 7138-43). Sindlariy, 
there is active research into the role of GCS in maintaining cholesteroI/gjlycolq>id 'rafts,* cell- 

20 surfiace meniteane domains of specialized permeability and functionality that s^)pear to be 
mvolved m a variety of signal transduction events (Natuxe, 1997, Jun S, 387(6633), 569-72). 

GCS also is a target for treating certain human diseases. Glncosylceramide and 
structurally related glycolipids are stored in the lysosomes of patients with genetic diseases 
which result from a mutation in one of the essential glycolipid-degrading enzymes (e.g., 

25 Gaucher, Tay Sachs, Sandhoffs, GMl gangliosidosis and Fabry diseases). Glycolipid storage 
also occurs as a secondary effect in some tissues (e.g., neuronal tissue) with genetic sUxagp 
diseases such as ^emaim-Pick C disease, mucopolysaccharidoses, mucolipidosis type IV 
(Pioc. Nail. Acad. Sd. USA, 1998, May 26, 95(11), 6373-8) and a-mannosidosis OPtoc. Nad. 
Acad. ScL USA, 1991 Dec 15, 88(24), 1 13304). It has been reasoned that QCS inhibitGro 

30 may be applied to reduce the rate of glycolipid synOesis in diseased cells so that there is less 
glycolipid present to be stored, a treatment approach tamed substrate deprivation Studies 
have demonstrated that GCS inhibitors can in fact be used to reduce the glycolijHd 
accumulation seen in cell and animal models of glycoli^d storage (Pioc. Nad. Acad. ScL 
USA, 1999, May 25, 96(11), 6388-93; Science, 1997. Apr 18, 276(5311), 428^31; J. dm. 

35 Invest, 2000, Jun, 105(1 1), 1563-71). nnthemune, a recent clhucal trial report has shown 
diat GCS inhibitors such as N4)utyideoxynqjirimycm (NB-DN}) aie us^l in treatmg human 
patients with Gaucher disease (Lancet, 2000, Apr 29. 355(9214), 1481-5). The use of the 
muno su^ NB-DN7 as a GCS inhihitDr is disclosed m EP-A-0698012. EP-A-4)S364aZ and 
EP-A-0698012 disclose that N-^Jkyl dcrivatiYes of deoxygalactonojirimycni. e.g. N- 

40 butyhieoxygaLictonojirinQrcin ^-DG))t may also be <tf use in the treatmnit of glycolipid 
storage disorders. EP-A-4698012 also discloses that the corcesponding N-butyl derivatives of 
mannose (NB-DMJ), fncose (NB-DFJ) and N-ac^lglucosamiue (NB-NAG) do not act as 
inhibitors of glycolipid biosynthesis. 
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The use of QCS inbiUtcNrs in the treatmrat of hmnan maligiiaiicies has been pnq>osed. 
Tumours can synthesize abnorma] quantities of glycolipids and/or glycolipids not present in 
file nQtmal tissue. In addition glycolipids or gangliosides in partictilar axe shed by tumour 
cells and leleased into the extracellular space and the bloodstreanL Both tumour shed and cell 
5 sur&c6 bound tumour gangliosides Can influence tumour host cell interacticnis such as cell- 
cell contacts or adhedra (Mediods Qizymol., 2000, 312> 447-58), cell motility (MoL Chem. 
Neuropathol.. 1995 Peb-Apr, 24(2-3), 121-35), growth factor signalling events (I. BioL 
ChenL, 2000 Nov 3, 275(44), 34213-23), tumour stimnbted angiogoiesis (Acta, OncoL, 
1997, 36(4), 383-7) and tumour specific immune responses (J, ImmunoL, 1999 Oct 1, 163(7), 

10 37 18-26). All these events can affect tumour develcqiment and progression. Glycolipids, 
glucosylceramide in particular, are known to accumulate in multidrug resistant (MDR) 
tumour cells (Anticancer Res., 1998 Jan-Feb, 18(1B), 475-80) and in vitro treatment of these 
cells wifli GCS inhibitors can reverse the MDR phenotype (J. BioL Oiem., 1997, Jan 17, 
272(3), 1682-7; Br. I. Cancer, 1999, Oct, 81(3), 423-30). 

1 5 Cell surface glycolipids also have roles in infectious disease, serving as receptors for 

the binding of pathogenic bacteria (APMIS, 1990, Dec, 98(12). 1QS3-60, Review), fungi 
ObfecL Immun., 1990 Jul, 58(7). 2085-90) and viruses (FBBS Lett, 1984 May 7, 170(1), 15- 
8). In addition^ glycolipids on the surface of cells are bound by badmal toxins (Methods 
EnzymoL, 2000, 312, 459-73) fco* instance the B subunit of cholera toxin (ganglioside CMl) 

20 and vcrocytotoxin (globotriaosylceramide GB3) (J. Infect Dis., 2001, suppl. 70-73, 183), 

The use of GCS luhibitors may also be appropriate in a number of oth^ clinical 
indications which are associated with abnormalities in glycolipid synthesis. Athexosclerotic 
lesions of human acRta have a higher ganglioside content than unaffected regions of the aorta 
and serum ganglioside concentrations in atherosclerotic patirats are higher than in normal 

25 individuals (lipids, 1994, 29(1), 1-5). Tissue derived from the kidneys of patients with 

polycystic kidney disease contains high levels of both glucosylceranoide and lactosylceramide 
(J. Lipid. Res.. 1996, Jun, 37(6), 1334-44). Renal hypertrophy in an animal model of diabetes 
is associated with mcreases in glycolipid synthesis, (J. CUn. Invest, 1993, Mar, 91(3), 797- 
803). 

30 Glycolipid metabolism also plays a critical role in other neuronal disorders, such as 

Alzheimer's disease and epilepsy. For instance, Niemann-Fick C Q^PC) patient neurons 
present with fibrillar tangles reminiscent of the morphology seen in Alzheimer^ disease. 

Interestmgly, GMI ganglioside binding by amyloid beta-protein induces 
conformational changes that support its formation of filnrous polymers, and die fibrillar 

35 dqx>sition of this protem is an early event m Alzheimer's disease (Yanagisawa et al, (1995), 
Nat. Med. 1, 1062^; Choo-Sndth et al, (1997), BioL Chran., 272, 22987-90). Thus, 
decreasmg GMI synthesis with agents such as NB-DNJ could inhibit the fibre formation seen 
- in Alzheimer^ disease. 

In contrast, preliminary clinical trials have shown that neurodegenerative processes 

40 seen with Parldnsonis disease, stroke and spinal cord injuries seem to improve by treating 

patients with GMI gangUoside (Alto, (1998), Ann. NY Acad. ScL 845, 391-4011; Schndd^, 
(1998), Ann, NY. Acad. Sci., 845, 363-73; Geislcr, (1998), Ann. NY. Acad Sci, 845, 374- 
81). It is possible dial co-^dministering glucosylceramide synthesis holiifaitars would provide 
the clinician greater control over this treatment course. Inhibitors like NB-DNI would limit 

2 
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patteaNspecific inconsistencies by blocking their neuronal glycolipid synthesis. la addition, 
inhibiting glucosylcexamide synthesis would limit the mstabolism of adnnnisteied glycolipids 
into other, perhaps unproductive, fmns. Thus, the ability to modulate glucosylceramide 
synthesis with inhibitors such as NB-DNJ may be usefiil is treatm^t of a wide variety of 
5 neuronal disorders. 

It has also been shown diat imino sugars can reversibly induce male steijUty and can 
th^fore be used as male contraceptives* 

The oompoand 3,4,5-piperidinetriol, l-butyl-2-(hydroxymethyI)-, (2S,3R,4R»5S) is 
disclosed m Anal. Biochem., 2000, 284 (1), 136-142 as an analytical con^arator, no 
10 pharmaceutical utiUty is disclosed or suggested for tWs conipound ' 

WO 01/10429 (published after the priority date of tMs application) discloses tihe 
compound N^onyl-altrostatin (3,4,5-piperidinetrioI, l-nQnyl-2-(hydrQxynietiiyl)-, 
(2S3S,4R,SS)) and it's use ni tte treatment of viral infections. 

Tet Lett., 1990. 31(47) 6777-80 discloses the con?iound 3.4,5-piperidinetriol. 1- 
15 phenyhnethyl-2-(hydroxyniethyl>, (2S3R,4R^S) as a minor by-product in the syn&^ 

3 AS-piperidinetriol, l-phenyhnethyl-2-(hydroxymethyl>-, (2R,3R,4R4S), no pharmaceutical 
utility is disclosed or suggested for this con^xjund. The compounds piperidine, 1- 
phOTyhnethyI-3,4,54Tis(phenylmethoxy)-24(phenyhnethoxy)"inethyl3, (2S,3R,4R,5S) and 
piperidine, l-phenyhnethyl-3,4,5-tris(acetyloxy)-2-[(acefyloxy)-methyl), (2S,3R,4R,SS) aie 
20 also disclosed as by-products obtained in the synthesis of the coiiesponding (2R,3R,4R4S) 
ccnnpounds. 

Tetrahedron, 1997, 53(9), 3407-16 discloses the compounds piperidine, 1- 
phenyfanethyl-3,4,5-<fi(acetyloxy>5-^henyhnBtfioxy)-2-[(phenylmeflioxy)^n^ 
(2S3S,4R^S) and piperidine, l-methyl.3,4^'di(acetyloxy>-5-(phenyliMthoxy)-2p 

25 [(phenylmethoxy)-methyll, (2S,3S,4R,5S) as by-products obtained in the synthesis of the 
corresponding (2R»3S,4R,SS) compounds. 

Bioorganic and Medicinal Chemistry, 1996, 4(11), 1857-65 discloses the compound 
piperidine, li)henyhnBthyl-3,4HB(phenylmethoxy)-5-(beiizoyloxy)-2-[(pte^ 
methyl], (2S3R»4R,5S) as an intennediate in the syndiesis of 3,4,5-piperidinetiioi, 2- 

30 (hydtoxymethylK (2S3R,4R,5S). 

Given the in^ ortance of C3CS in-a wide spectrum of basic and applied science 
interests, it is essential that new tools that provide a means for modulating this enzyme's 
function be developed. Towardsdiisend, we have synthesized a number of novel compounds * - 
that axe useful in inhibitmg GCS's catalytic activity. 

35 According to the inv^tion there is provided a coaqK>und of formula CD or a 

pharmaceudcally acc^table salt or prodrug thereof 




0) 

40 wherein 
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R is C].i6 straight or brancbed-cbain aD^l, optionally substituted by Q-Tcycloalkyl, 
and iq)tionalIy intemipted by -O- die oxygen being separated from the ring nitrogen by at 
least two carbon atoms, or C|.ioalkylaryl where aiyl is phenyl, pyridyl, tMenyi or furyl 
wherein phenyl is optimally sabstitated hy one or more substituents selected iBnom P, Q, Br, 
CFj, OCF3, OS}, and straight or branched-chain alkyl; and 

R' is bydxogm. or straight or farancfaed-chain all^l; 

provided that the conqKnmd is not: 

a) 3,4,5-piperidinetriol l-.butyl-2-(hydroxymethyl)-, (2S3R,4R,5S); 

b) 3 AS-piperidhietriol, l-phrayhDethyi-2-(hydroxyniethylK (2S3R,4R,5S); ai 

c) 3,4,5-piperidinetriol, l-nonyl-2-(hydroxymeUiyl>. (2S3S.4R,5SX 

The hydroxyl group at position 3 may be fixed in dther the R or the S ccuifigtiration. 
The hydroxyl group at position 3 is preferably is the R ccHifiguration» Le. the compound of 
fonnula (I) has the stereochemistry (2S3R,4R,5S). 

R is i«efisrably Cm6 straight or braoched-chain alkyl or Cmo aUeylphenyl wherein 
phenyl is optionally substituted by one or more substituents selected from Br, CPy^ 
OCFs, 0R\ and straight or branched-chain alkyl. R is more preferably Cms straight or 
branched-chain alkyl. Even moxt preferably R is C^o straight chain all^I, especiaUy C4.7 
straight chain alkyl. 

The coiZQ)ounds for use in the methods of the invention preferably have a molecular 
weight of less than 800, more preferably less than 600. 

Specific coiqpounds of the invention that may be mrationed include the fdlowing: 
3»4,5-piperidinetiiQl; l-propyi-2-(hydroxyniethylK (2S3R.4R,SS); 
3,4,5-piperidinetriol, l-pentyl-2-(hydraxymethyl)-, (2S,3R,4R^S); 
3»4,5-piperidinetriol. l-h^tyl-2-(hydnMcymcthylK (2S,3R.4R^S); 
3,4^-piperidinetriol, l-butyl-2-{bydroxymethylK (2S.3S,4R,5S); 
3,4^piperidinetriol, l-nonyl-2-(hydroxymethylK (2S,3R,4R^S); 
3.4^.pipeiidinetrioI, Hl-ethyl)propyl-2-(hydroxymethyl)-, (2S3R,4R,5S); 
3,4^-pipcridinetriol H3-methyl)butyl-2-<hydroxymethyl)-, (2S,3R,4R,5S); 
3,44-piperidinetriol, K2-phenyl)ethyi-2-(hydraxymethyl>-, (2S3R,4R,SS); 
3,4^-piperidinetriol, H3-phenyl)propyl-2-(hydroxymethyl)-, (2S3R,4R^S); 
3,4^-piperidinetriol, Hl-ethyl)hexyl-2^ydiDxymethylK (2S3R.4R^S); 
3A5-piperidinetriQl, l-(2^yl)butyl-2^ydioxymethyl)-, {2S3R»4R,5S); 
3,4^i)ipaidinetriol, l-[(2RH2-methyM-phenyl)ethyl]-2KhydroxymethylK (2S3R,4R,5S); 

3.44i>iperidinetriol, l-[(2SH2-™thyl-2-phenyI)ethyl]-2-<hydroxymcthylK (2S.3R.4R^S); 
andpbarmaceutically acceptable salts and prodrugs thereof* 

A particularly preferred conqKHmd is 3,4^-piperidinetrioU l-pentyl-2n 
(hydroxymethylK (2S.3R,4R,5S) and phaimaceutically acceptable salts thereof. 

A specific group of con^Knmds accordmg to the invention which may be mentioned 
are those of formula (la) or a pharmaceutically acceptable salt thereof: 
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Oa) 

wherein 

R is Ct.i6 stxaigbt or branched-chain alkyl* Cmo alkylaiyl wheie aiyl is phenyl, 
pyridyl» thienyl or fuiyl whei]&in phenyl is optionally substituted .by one or more substituents 
5 selected from F, Q, Br, CF3. OCR, GSi\ Ci^ straight cw iHanched-chahi alkyl; and 

is hydrogen, or Ci^ straight or faranched-cbain alkyl; 
provided that the conq^iind is nc^: 

a) 3,4,S-pipmdmetriQl, l-butyl-2"0iydix>xymethylK (2S^R,4R,5S); 

b) 3,4,5-piperidmetriol, l-phenyhnethyl-2-(hydroxyiiiethyl>, (2S,3R.4R,5S); or 
1 0 c) 3 AS-piperidhietriol, l-nonyI-2-(hydroxyniBthyl)-, (2S.3S,4R,5S). 

As descaribed b^neni, the confounds of the present invention can be used for the 
inhibition of GCS. Thus, in a second aspect, the present invention provides the use of the * 
conopounds of formula (Q, but without flie provisos a) and b), in medicine. Specific 
conq>ounds for use in this aspect of the invention include, in addition to those moitioned 
15 above,.the compound 3,4,5-piperidmetrid, l-butyl-2Khydro^^ 

Suitable, pharmaceutically acceptable salts of the compounds of formula (I) include, 
but are not limited to, salts with inorganic acids such as hydrochlcsride, sul&te, phosphate, 
diphosphate, hydrobromide, and nitrate, or salts with an organic acid such as malate, maleate, 
fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p-toluenesulfonate, 
20 pahmtate, salicylate, and stearate. 

Suitable prodrugs of the compounds of formula Q) include, but are not liTnitp^ to, 
pharmaceuticaliy acceptable esters such as alkyl esters. 

Some of the ccHnpounds of this inv^ticHi noay be crystallised or recrystaUised from 
solvents such as aqueous and organic solv^ts. In such cases solvates may be formed. This 
25 invention includes within its scc^ stoichiometric solvates including hydrates as well as 

compounds containing variable amounts of water that may be produced by processes such as 
lyophilisatian. 

Certain of the ccHnpounds of formula Q) may exist in the foim of optical isomers, e.g. 
diastereoisomers and mixtures of isomers in all ratios, e.g. racemic mixtures. The invention 

30 includes aU such fonns, in particular the pure isomeric fonns. Thedifj^oent isomeric forms 
may be separated or resolved one from the oth^ by conventional methods, or any given 
isomer may be obtained by caaventional synthetic m^hods or-by stereospecific or 
asymmetric syntheses. 

Since the conqpounds of formula (£) are intended for use in pharmaceutical 

35 compositions it will leadOly be understood that they axe each preferably provided in 

substantially pure form, for exaniple at least 60% pure, more suitably at least 75% pure and 
prefi^ly at least 85%, especially at least 98% pure (% are on a weight for wdght basis)! 
impure preparations of die con(»ounds may be used for pr^ianng the more pure fmns used in 
the phannaceutical conq[K>sitions; these less pure preparations of the compounds should 

40 contain at least l%,moapesnitablyatleastS%andprefmblyfromlOto59%of aconqp^ 
of the formula CO or phannaceutically acceptable derivative thereof. 

The term **alkyr as used hereui whether on its own or as part of a larger group e.g. 
''alkylaIyi^ iticludes both stiai^t and branched chain radicate The term al^l also includes 
those mdicals wh^iein one or more hydrogen atoms axe r^lacedby fluorine. 
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The compoands of fommla (I) caa be prepared by art-fccognized procedures fcota 
kaown or coimnercially available startiDg materials. If the staiti^g materials are unavailable 
fiom a commi^cial source, their synttiesis is described heiesii, or they can be prepared by 
procedures known in the ait 
5 Specifically, the compounds of fonnula (I) may be jMC^ared by processes 

comprising: 

(a) reacting a compound of fommla (II): 




OH 



10 (II) 

* m 
• 

with NaBHjCN ai^ an alddiyde of fmmila tt^CHO in acetic acid-methanol, or widi 
NaBH(OAc)3 and an aldehyde of formula R^CHO in a solvit such as dicharomethane; 
wherem is Cms straight or brandied-chain alkyl, optionally substituted by Cs^TcycIoalkyl, 
15 and optionally interrupted by the oxygsa being separated from the CHO moiety by at 
least one carbon atom, or C&^alkylaryl where aiyl is as defmed in formula (I); or ■ 
(b) dqxrotectionof aconi^KHmdofforniulaODS): ' 




m 

20 wherein R is as defined hi foniuda (]9» and P, which inay be the saine or diff^ 

hydros IMX)tecti]ig groups e.g. benzyl (Bn). When P is CHzPh the deprotecdon is conducted 
in the presence of hydrogen gas and a catalyst such as FdQa or palladium on carbcm in a ' 
suitable solvent 8t]i:h as an alcohol, e.g. ethand. win be understood that when P is CHaFh 
and R is C]Q2ph the R gn)i9 can also be reoaoved under these condi^ 

25 of formula (H) tiius cbmponnds of f c»rmiila Q) where R is CH2FI1 are preferably produced 
using process a) above. 

The con^wunds of formula (BQ are known, see e.g. Carbohydr. Res., 1993, 246, 377- 
81 (2S3R4R5S) and Tet Lett. 1997. 38(45), 8009-12 (2S3S4R5S). 

Con^mmds of fcomnla (HI) may be prqmred by reacting a campomid of formula 

30 (IV): 




OV) 

wherein L, which may be the same or diifferent are leavinjg gconps, such as mesyl, and P is as 
defined for f onmila (in), widi an amme of formula RNH2» wherdn R is as defined m fonnula 
35 (])» either iieat or in a solvent such as tetrahydrofiirazL 
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CompouBd (IVa)» wbeiem L is mesyl and P is benzyl^ is a known CQnq)ound: V.S. 
Rao ct al., Can. J. Cb&UL, (1981), 59(2). 333-8; P.A. Fowler et aL, Carbohydr. Res., (1993), 
246. 377-81. 



H 



BnO 
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Conqpound (IVb), wheiein L is mesyl and P is benzyl, may be prepared by reacting 
2,3,4,6-tetra-0-benzyl'-D-galactitol with mesyl chloride in the presence of a base such as 
pyridine. 



BfiO'''Sr^''OBn 
OBn 

OVb) 



15 



20 



25 



30 



35 



iatB 



•i«jiiiii«iiiiri 



is as described hetdn also fidl within Ae sccpe of the 



Any novel ini 
present invention. 

Thus according to a furCh^ aspect of the invention there is provided a conspound of 
formula QB) as defined above, provided that the compound is not: 

0 piperidine, l-i>hcnyhiiethyl-3,4,5-tri5(pheaylmethoxy)-2-[(phenyknethoxy)- 
mefliylj, (2S,3R,4R,5S); 

ii) piperidine, l-phenylmethyl-3,4,5-tri5(acetyloxy)-2-[(ac^yloxy>niethyl], 
(2S,3R,4R,5S); 

iii) pip^idine, li)henybnBtfayl-3,4,SKli(acetyloxy>-5-<pheiiyhnetboxy)--2-- 
[(phenylmethoxy>-methyll, (2S,3S,4R,5S); or 

iv) piperidine» l-n)etbyl-3/t,5Kli(ac^loxy>SKphenylmethQxy)-2- 
[(phenyImethoxy>-methyl], (2S3S,4R^S). 

During the synthesis of the compounds of fimnulad) labile functicmal groiq[>s in the 
intennediate cojiq>ounds, e.g» hydroxy, caiboxy and amino groups, may be protected. A 
comprehensive discussion of the ways in which various labile functional groiqis may be 
protected and methods for cleaving die resulting protected derivatives is given in for example 
Protective Groups in Organic Chemistry, T.W. Gie^e and P.G J^. Wuts, (Wiley- 
Ihterscience, New York, 2nd edition, 1991). 

Fortb^ details for the preparation of conqjounds of framula (I) are found in the 
exaiiq>les. 

The compounds of formula Q) may be prepared singly or as conqiound Hbiaries 
comprish^ at least 2« fc»: example 5 to 500 conqpounds, and more preferably 10 to 100 
cozD|K»aids of foonula (I). Libraries of conipounds of fonnula (I) may be prepared by a 
combinatorial ^split and mix' approach or by multqile parallel synthesis using either solution 
phase or solid phase chemistry, by procedures known to those skilled in the art 
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Thus accQrdmg to a fmther aspect of the inv^ition there ispcovided a conipound 
library coxxiprisixig at least 2 compounds of formula Q) or phaxmaceutically acceptable salts 
theteof. 

The phannaceutically effective compounds of formula (I) and phannaceuticaUy 
5 acceptable salts thereof, may be administered in conventional dosage forms prepaied by 
combining a campound of formula (I) ("active ingredient") with standard pharmaceutical 
earners or diluents according to ccHiventional procedures well known in the art These 
procedures may involve mixing, granulating and compressing or dissolving the ingredients as 
appropriate to the desired preparation. 
1 0 According to a further aspect the present invention provides pharmaceutical 

fonnulaficHis ccnnprishig one or more coiqKHinds of fbmnila (I), but without provisos a) and b), 
tpgeth^ with one or more pharmaceutically acceptable carriers or exc^pients* 

The pharmaceutical compositions of the invention may be formulated for 
administratic» by any route, and include those U2 a form adapted for oral, topical or parenteral 
1 5 administration to manmials including humans. 

Pharmaceutical formulations may be adapted for administiaticm by any appropriate 
routed far exanople by the ocal (imiluding buccal or subliiigual), rectal, nasal, to^cal ^ucludiiig 
buccal, sublingual or transdennal), vaginal or parenteral (including subcutaneous, intramuscular, ' ' 
intravoEious cs* intradermal) route. Sudi fonnuktions may be prepared by any method known in 
20 the art of pharmacy, for exan^ile by bringing into association the active ingredient with the 
ca£der(s) or ex(^ient(s). 

Pharmaceutical fc^mdadom adapted fcK' ord adnmiistrat^ 
discrete units such as capsules or tablets; powders or granules; solutions or suspensions in 
aqueous or non-aqueous liquids; ediUe foams or whq>8; or Qil-<in-wa£K liquid emulsions or 
25 water-in-oil liquid emulsions. 

Pharmaceutical fomiulations adapted for transdermal administration may be presented as 
discrete patches intended to tenoain in intimate contact with the epidmnis of the reciiaent for a 
prolcmged period of time. For example, &e active ingredient nay be delivered from the patdi by 
iontqphcHesis as generally described in Phanxiaceutical Research, 3(6), 318, (1986). 
30 t%armaceutieal farmulations adapted for topical administration may be formulated as 

ointments, creams, suspamons, lotions, powders, solutions, pastes, gels, inqir^Dated dresdngs, 
sprays, aerosds or oils and may oHitain appropriate conventional additives such as preservatives, 
solvents to assist drug penetratim and emollients in ointments and creams. 
For appUcarims to the eye or other external tissues, for exan^ 
35 fonmilations aze preferably a{^lied as a tojncal ohitment or cream. When fonnulaied in an 
omtment, the active mgredientmay be ^nployed with dtiia: aparafiGhoic or a walQr<TOi8citde 
ointment base. Alternativdy, the active ingredient may be fonmilated in a cream with an oi^^ 
water cream base or a water-in<nl base. 

Pbannaceutical fonnulations adapted for topical adminxstratian to the eye include eye 
40 drcq)s wherein the active ingredieot is dissolved (^-susp^ded in a suitaUecarri^ 
aqueous solvent 

Pharmaceutical formulations adapted for topical administration in the mouth include 
lozenges, pa^es and mouth washes. 
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Fbannaceutical formulatiGns adapted foriectal administratira may be presei 
suppositodes or enemas. 

Phannaoeudcal formulaticxis adapted for nasal adnrniistiation whei:em the canier is a 
solid include a coarse powder having a particle size for exanxple in tiie range 20 to 500 nncrons 
which is administered in the manner in which snuff is taken, i.e. by rapid inhalation through the 
nasal passage fiom a contai ner of tibe powder held close to the nose. Sutable fonnuktians 
wherdn the carrier is a liquid, for administratiaD as a nasal spray or as nasal drops, inchide 
aqueous or oil sohitions cf the active ingredient 

Pharmaceutical f«nuilations adapted for adnnnistradoa by inhalation include fine 
particle dusts or mi sts which may be generated by means of various types of meteied dose 
piessuiised aeiosds, nebulizers or insulBBators. 

Hiannaceutical fQimulations adapted for vaginal administration may be presented as 
pessaries, tan:q>ons, creams, gds, pastes, foains or spnQT fonxrulations. - 

Pharmaceutical formulations adapted for parenteral administiation include aqueous and 
non-aqueous sterile injection solutions which may contain and-oxidants, buffers, bacteriostats 
and solutes which noider the fonnulation isotonic with the blood of the intended tedpknt; and 
aqueous and non-aqueous stmle suspensions which may include suspending ag^its and 
thickming agents. The fbnnulations may be presented m unit-dose or mnlti-dose containers, for 
exanqile sealed ampoules and vials, snd may be stc»ed in a fceeze^dried (lycphilized) conditicm 
requiring only the additiou of the sterile liquid carrier, for example water for injections, * 
immediately prior to use. QiteinpcHaneoas injection solutions and 8uq)endcHis may be prepared 
u stmie powders, granules and tablets. 



Kshouldbeii 



rstood that in addition to the ingredients particulariy mentioned above, 
the f Qtmiulations may also include other agents convrational in the art having legaid to the type 
of f ormuIaticH! in question, for exan:^Ie those suitable for oral administration may include 
flavouring agoits. 

Hie pharmaceutical formulations according to the invention are preferably adapted for 
maladministration. 

The formulations may also contain compatible conventional carriers, such as cream or 
ointment bases and ethanol or oleyl alcohol for lemons. Such caxrim may be present as from 
about 1% up to about 98% of the fcnmulatim* More usually they wtD foim up to about 80% 
of the focmuladon. 

Tablets and capsules for oral adnimisttati<Hi may be m unit dose presentation form, 
and may contain conventional excipimts such as binding agents, for exanq>l6 syrupy acacia, . 
gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillets, for example lactose, sugar, 
maize-staccht calcium phosphate, s<HbUol or glycine; tabletting lutaicants, for ^cample 
magnesinm stearate, talc, polyethylene glycol cr silica; disintegrants, for exaizq>le potato 
starch; or acceptable wetting agents such as sodium lauiyl sulphate. The tablets may be 

coated according to methods weU Imown in normal pharmaceutical practice. Qralliquid 
preparations may be in the form of, for example, aqueous or oily suspensims, solutions, 
emulsions, syrups or elixirs, or noay be presented as a dry product f(M:reconstitution with 
water or other suitable vehicle before use. Such liquid preparations may contain conventional 
additives, such as suspending agents, for example sorbitol, methyl cellulose, glucose syrup, 
gelatin, hydroxyethyl cellulose, caibaxynoethyl cellulose, aluminium stearate gel or 
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hydio^iated edible fats, ezimlsif/iiig agents; for example lecithin. sorlMtan mcsxKdeate, or 
acacia; nwl-^aqueous vehicles (which may inchde edible oilsX for example alzm»ul oil» ofly 
estors such as glycerine, propylene glycol, cm: ethyl alcohol; prosorvatives, far example m^yl 
or propyl p^iydroxybenzoate or sorbic acid^ and, if desiied, conventional flavouring or 
colouring agents. 



Suppositories mil contain conventional supf 
glyc^de. 



bases, 



Fcr parenteral ad 



iiiiiin 



firm 



fluid unit dosage fomss ace prepared utilizin] 
being preferred. The conqK)und, dq)ending 



10 vehicle and COTccaitration used, can be either suspended or disserved in Ae vehicle. In 

preparing solutions the conqpound can be dissolved in water for injecticm and filter sterilised 
bef (»:e filling into a suitable vial or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, piesoirative and buffering agents 
can be dissolved in the vehicle. To enhance the stability, the con:;)osition can be frozen after 
filling into the vial and the wator removed under vacuum. The dry lyophilized powder is tbea 
sealed in tise vial and an acconqianyhig vial of wata: for injec^on may be si^Ued to 
reconstitute the liquid pricn: to use. Parenteral suspennons are piq^ared in substantially the 



same manner except that the cmnpoond is suspended in the vehicle instead of bdng dissol 
and sterilization cannot be accomplished by filtration. The compound can be stoilised by 
e3q>08ure to etiiylene oxide before suspending in the sterile vrfncle. Advantageously, a 



d in the conqx)sition to fiadlitate uniform distribution of 



surfactant or wetting agent is incl 
the conq)ound. 

The ccnxqpositions may contain from 0.1% by weight, pcefer^ly 
weight, of tiie active noaterial* depending aa the metiiod of administratiozL 

Pharmaceutical formnlatioos may bepres^ted inumt dosefoocms containing a 

predel 



10-60% by 



30 sub-dose. 



1 amount ofactive ingredient per dose. Such a unit may contain for exanqde up to 
g to 60Qmg, preferably 50mg to 3 OQmg and naore prefoably 50mg to ISQrng 

» condition bdng treated, the route of admuustratiQa and die age, wdg^ 
pati^t Preferred unit dosage fammlatjons are thnsft f^ nTifnmtTig g ^afly ^ 



x^ited, or an appropriate fraction tisereot of an active ingredient 

^ by (»ie of skill in the art that the optunal quantity and spacbg of 
iividnal dosages of a f (wmula (I) comgpound will be determined by flie nature and extent of 

die ccmdition being treat^l, tiie foon, n>utB and dte of admmistiation. 



mammal being treated, and that such optimums can be detecmmed by conventional 
techniques, i wiB also be appreciated by one of sldai in die art Aat the opti^ 
treatment, Le., the nnniber of doses of the fbnmila (0 con^Kiu^ 
number of days , can be ascertained by tiK>se skilled in the art using conventional course of 
kt determination tests. 



1 of formula (I) or a 



No toxicological effects are indicated when a 

phaimaceutically acceptable derivative thereof is admhdstered in tiie above-mentioned dosage 
range. 

The componnds of the presmt inventicm ate useful in fliat they are capable of inhihitiiig 
giucosylcoamide synthase. Thius^thecoiiqxHmdsof themventioncanbeusedinthe 
of various glycolipid storage diseases such as Gaucher' s disease, SandhofiP s disease. 
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disease, Bsixy disease, GMl gangliosidosis etc'lh ailfffinn^ cacqjounds such as diis ateo can fintj 
use in the treatment cff conditions in which glycoliiHd accmnulatiaii occurs such as Nlemann-Pick 
disease* nsiKx^ysaccharidoses (MPS L MP^ 
niucolipidosis type IV and Oriziannosidosis. 
5 Ihecompomids of tte pteseot invention can also be used in the treatm^t of cancels in 

which giycolipid synthesis is abnarmal such as brain tuniouis, ncnrcddastamat ™Hgmmt 
mdanoma, lenal adenocardnoma and muid-drugiesistant cancers in generaL 

The conQXHuids of the present invention can also be used m- the treatment of disease 
caused by infectious organians which use ceD surface glycol^d as xeceptats for the infectious 
10 organism or toxin produced by the infectious orgamsni. 

The cosi9>ouitds of the psnesent invention can also be use^ 
caused by infectious arganisms for which die synthesis of glucosykeramide is an essential or 
impoitaiit process such as die pathogemc fimgus cryptocoocus necrf^ 

The con:;)ounds the pres^ invendoQ can also be used in tfaer treatni^ 
1 5 which excessive glycolipid synthesis occurs such as but not hnnted to, atheiDsclenisis, polycystic* 
Iddney disease and diabetic sraal hypertrophy . 

The compounds of the piesent in vraiticHi can 3dso be used in die treatment of neuronal 
disord^ such as Al2Jiein]er^ disease and epilepsy; and neuronal degenerative disease sudi as 
Paxidnsoais' disease 

20 The compounds of the pesent mventinn can abn he used m tha trRfltmPUt fff pgurpnal ' 

iqury such as spinal coni iiyuries or Stroke. 

The COnqKMinds of the pesent invmtian can aIrh hft nsi»H fn thpL tr enafmtntt nf ^^^ty 

in additional aspects, therefore, the present faivention provides: 
(i) the use of a conipound of f omnila (I) but widiout {ttovisos a) to c),as an inhibitor of 

25 glucosylceramide synthase. 

Oi) the use of a conQK>und of f amula CD but without provisos a) to c), m the mamifectuie of a 
medicament for the treatment of a glycolipid storage disease. Exanoples of glycolipid stcarage 
disease which can be treated indude» but are not linnted to: Gauche . 
Tay-Sadis disease, Fabry disease or OMl gangliosidosis. 

30 <$)tfaBuseofaconq)oundoffQannla(])botwifbontptovim 
medicament for die treatment of Niem^^ 

(iv) the use of a oonqiound of fonmik (I) but without povisos a) to cX 

medicament for die treatment of rnncnpnlysacghariiingiB lypa T, irwicrTpnlyfii^^hari^^^^ typ% jn> 

mucopolysaccbaridosis type IQA, mucopolysacchaiidosis type VI or mucopcdysaccharidosis type 
35 VIL 

(v) die use of a compound of formula Q) but widiout pxovisos a) to CX iu die manufecture a 
medicament for the tieatiiierit of Ormannc^idoris or mucolij^ 

(vi) d)e use of a compound of f omiula (0 but widiout ptivisos a) to c), in the mannfecture of a 
medicament for tiie treatmi^ of cancers in which g^ycolq>id synthesis is abnormal, including but 

40 not limited to neuronal cancer inchidh^ neuroblastCMma, brain canta; renal admocarchioma, 
malignant mdanoma, niultq>le myeloma and muM-dmgieaistant cancers. 

(vii) the use of a compound offorniuk (I) but widiout provisos . 

medicament for tisc m the treatment rf ATg^mftrV Hi "p^fpy "tnSkr 
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(viii) the use of a compouRd of fonnula Q) bat .wi&out piovxsos a) to c), in the n]amifiK:tiiie of a 
medicaiDont fin- use in the tieatinaat'of Pftddnson's disease. 

(ix) the use of theconqiound of fonnula (I) but without provisos a) to c), in the manufacture of a 
medicament in the treatment of spinal injury. 

5 (x) the use of a compound of formnla (I) fant withont pttwisos a) to g\ m t>ift mflniififytl^ ^ 

medicament for use in tlie treatment of disease caused by infectious miciootganisms which 
utilize gly colipids on the surface of ceQs as receptors for the organism itself or toxins produced 
by the organism. 

(xi) (he use of a compound of f oroHiIa (J) but without provisos a) to c), in the manu&cture of a 
10 medicament fcB* use in the teatment of disease caused infectious 01^^ 

synthesis of glucosylceramide is an essential or inqxntant process such as but not limited to 
pathologies associated with infections of the pathogenic fungus cxyptococcus neofonnans. 

(xii) the use of a confound of fonnula (I) but without provisos a) to c), in the inanufiK;tare of a 
medicament for use in the treatment of di^ases associated with abnormal giycolipid synthesis 

1 5 including but not limited to polyene kidney disease, diab^c renal hypertrophy and 
atherosclerosis. 

(xiii) the use of a compound formula (I) but without provisos a) to c), in the manufoctuie of a . 
medicament for the treatment of a condition treatable by the admmistrstion of a gangUoside 
such as GMl ganglioside. Examples of such conditions are Parkinson's disease, stroke and . 

20 spmal cord injuries. 

(xi v) the use of a compound of fomiula (J) but without provisos a) to c), in the manu&cture of a • • 
medicament for reveisibly rendering a male mammal infeartile. 

(xv) the use of a compound of fennula 0) but without provisos a) to c), in the manufiu^tore oi a 
medicament for the treatment of obesity, e.g» as an a^^^etite suppressant 

25 (xvi) a method for the treatment of a giycolipid storage <fisease» e.g. Oaucher's disease, 

Sandhoif s disease, Tay^achs disease or GMl gangliosidosis, which comprises the step of 
admmistexing to a patient an effective amount of a conq^ound of fonnula 0) but witfiout provisos 
a) to c). 

(xvii) a method for die treatm^t of Niemann-Pick disease types A and C, which con^ses the 
30 5tq> of administering to a patient an effective amount of a conQKxmd of formula (J) but without 
IHDvisos a) to c). 

(xvm) a method for the treatment of mucopolysaccliaiidosis type I, mucopolysaccharidosis 
type mo. mucopolysaccharidosis type niA, mucopolysaccharidosia type VI or 
mucc^lysaccharidosis type Vn winch comprises the step of administering to a patient an 
35 effective amount of a cooopound of ftxmula Q) but withont provisos a) to c). 

(xvix) a mediodfor the treatment of a-mannosidosis or mucolipidosis type IV winch 
canq>ri5es the st^ of administering to a patient an effective amo 
but widiout provisos a) to c). 

(xx) a method for the treatment of cancers in which g^ycoliind synthesis is abnormal, including 
40 but not limited to neuronal cancer inchiding neuroblastoma, brain cancer, renal 

adenocarcinoma, malignant melanoma^ multiple myeloma and multi-drug resistant cancers 

which comprises ttie st^ of adnnnisfceaing to a patient an efEK^ 

formula (I) but without provisos a) to c). * * 
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di^ase, cpUopsy 0£ stroke which compiises the' 
step of adnihdstBiiiig to a padcQt an e£G»:^ 
provisos a) to c). 

(xxii) a inedKxi for the treatment of Parldnsoii^s disease^ which ccmQiiises the st^ of 

adnuni stering to a pati^t an effective amotmt of a compound of f onxmla CO bat wifiioat pxovisos 

a) to c). 

(x}diO a method for ihe tieatnient of spmal hq 
patient an efiective amoimt of a compoand of f oni^ 

(xxiv) a method for the treatoient of disease caused by infectious mkrootganisms which ntiBze 
glycolipids on die snrface of cells as iecq>tQrs for the organism itself or toxins produced by the 
organism which comi»jses the st^ of administer 

coxiqx}imd of fGoinuIa but without pmvisos 

(xxv) a method for ttie treatment of disease caused by mfectioos org^^ 
synfliesis of ghico^lceramide is an essential or in^or^ 

patliologies associated with mfbctions of the pathogenic fungus oyptococcus neofonnans which 
ooogrises tlie st^ rf adnmnistmng to a patifipt an eflfec^ 

but wkhoot provisos a) to c). . . 

(xxvi) a method for the treatment of diseases associated with abnormal glycolipid synthesis 
including but not Bniited to polycystic Iddney disease^ diabetic 

afherosclexosis, which conqirises the step of administering to a patimt an effective amount of a 
conQ>ound of foimuk CO but without provisos a) to c). 

(xxvii) a method for the treatment ofa condition treatable by the adminisdatiw^ . 
gangUoside such as GMl gang&oside, which conQ»ises die stq> of adn , 
efifective amount of a conq>ound of formula (I) but without provisos a) to c). Exan^ies of such 
conditiGns are Parkinson's disease, stroke and qnnal cord mjuxies. 

(xxviii) a method for leversibly rendering a male mammal nifertile, which coniprises the step of 
administering to said male mammal an efifecdve aroount of a conqxnmd of formula (J) but 
without provisos a) to c). 

(xxix) a method for the treatment of obesity, wfakh con:(idses the sbsp of administering to a 
patient an effective amount of a conqxiand of fionmila (I) but widiout die piovisoa a) to c)> 

The invention also provides for tte use of a con^und off onxmla C9bi^ - 
provisos a) to c) for the treatment of the above mentioned diseases and conditiQns; 

Figure 1 ; shows representative pathways for the metabolism of ^ycolqnds in 
mammalian cells. The reaction catalyzed by ^ucosylceiamide synthase, the assembly of 
uridine diphosphate^glncose and ceramide into glncosylcmmide, i^ En^me 
pathways resulting in the human glycolqnd storage diseases, as wdl as tlie glucosylceramide 
synthase reaction mMbited by N-butyldeoxynqjirimycxn (NB-DNF) are also represented. 
Abhteviadons: UDP-Olc, uridine dqihosphoglucose; Cer, cerandde; Sial, sialic acid; Gal, 
galactose; GalNAc, N-acetylgalactosamme; C3c, ghicose; and 

Figure 2: shows (a) a dun layer chromatqgrs^hy (TLQ cfaromatognunof thenm- 
polar lipid fraction extracted from MCF-7 breast caxdncnna cells treated fear 7 days with 
SOfiM example 2 conqpound (1), MCF-7 breast caidnoma c^lls (2) and.(3) represent a 
glucosylcenuxude standard; and (b) represents a measure of the glucosyl^^ • • 
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intensity from the TLC clmiiDatograin relative to background with (1) representing example 2 
compound treated saii9>le and (2) the untieated contcoL 

All publicaticHis, mcluding, but not limited to, patents and patent iQ)plicadcms, cited in this 
specification, are herein incoiporated by reference as if each individual publication were 
5 spedfilcally and individually indicated to be incorporated by lef^ence herein as though fiilly set 
forth. 

The invention will now be described by refetence to die following exanqdes which are 
nierely iUostrativeaBdaienottobeconstruedasalinntadonof tfaesco^ . 

1 0 Examide 1 3/l^Piperidinetriol, l^propyl-2-<hydroxyii^aiyl)-, (2S,3R/IR,5i^ 
a) 2^96-Tetra'<>-bea2yl-l,5-di-0-mesyl-I}-gladtol 




1 5 2,3 A6-Tetra-0-benzyl-I>-glucitol (45g) was dissolved in pyridine (200 ml) and added over 
30 mm to a solution of mesyl chloride (IS ml) in pyridine (100 ml) at 0°CL The clear solution 
was stored at 4*^:: ovmiight, after which time TLC analysis ^wed completion of the 
. reacti(»L The reaction mixture was partitioned betwe^ ethyl acetate and watei^oe. The 
oiganic fractions were washed with 5% hydrochlodc acid thra saturated aqueous sodium 

20 bicarbonate soluticm, dried (Na2S04) and concentrated to a yellow/ofange oil. The oii was 
asseotroped with toluene and used diiectly in die next stage, 

b) Kperidine, l-prtipyl-3A5-tiis(pheiQ^hnetho27)-2-[^heiiyl-]n^^ 
(2S^R^R^ 

25 




■ ^OBn 



Crude 2^,4,6-tetra-Oben2yM^^-0-fflesyU>glucitol (988mg) was dissolved m n- 
propylBmme(10ml)andstiiiedat5S%for4day8. TLC analysis mdicated the reaction had 
gone to completicHi. The reaction inixtore was concentrated and the resultant cnide oil was 
30 purified by flash dnnmatography (gradient elution of 0 -> 16% e&yl acetate^petroleum ether) 
to give piperidine, l-propyl-3/I^Hris(ph0nyhiiethoxy)-2-[(pfamy]metii^ 
(2S3R,4R^S) (610mg, 73%). NMR (CDQa): 8 005(311, tX 1 .4(2H, m), 2,45(2H, m), 
2.6(1H. mi 2.8(1H, dd, J = 5, U Hz), 3,3(1H m), 3 J(2H, m), 3.6(2a m). 3J(1H dd). 4^. 
4.8(8H. m. OCHaPh). 7.2- 7.4(20H, m, ArH). 

35 

c) 3/l^-Pipeiidinetriol^ l-priqpyl-2-(hydn>a^ethyI)-, (2S^Ry<tR,S5) 
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Ptperidine, l-propyi-3,44-tris(pbenyImetho3Qr>2-{(phm^ (2S3R,4R^S) 
(610ii^ was dissolved in MeOH (IQml) and stkced overnight under a hydrog^ atmosphere 
intliep]:es»ceofPda2(30Qraig). TLC indicated ccnnpletioa of tbe leaction. Hie leaction 
mUtuie was filteied through celite (followed by a niethanol/walear wash) and the filtrate 
' 5 concentmted. The solution was diluted with water (lOxnl) and slowly loaded onto 5g of 
Dowex 50X4-200 resin that had been p»-washed with hydn)^ Tleresinwas 
•washed with water and then eluted with a inixture of 1:7 cone, aqueous animo - - 

Plroduct £ractic»is weate concentrated to give 3,4^-piperidanelriol, l-propyI-2- 
(hydroxymethylK (2S JR.4R,5S) (200nig, 90%) as a gummy solid. *HNMR (D2O): 8 
10 0.75(3H.tX 1.35(2H,m).2.45(3H,mX2.75(lH,dd, J^5, 12JHz), 3,0(1H, dd, J ^ 4, 9Hz). 
3.3(1H, t), 345(1H, m), 3.6(1H. dd, J 5, lOHz). 3.7(ZH. m). 

Example 2 3^^Fiperidiiietiid, l-batyl-2-Oiydroxyjaiethyl)-, (2S,3iR^R^S) 
a) Pipetidine, l-batyl-3A5-tri5(phenylmetlic«y)-2-[(phenylmethosy)-met^ 
15 .(2S3Ry4R^S) 



Oude 2,3,4»6-tetra"0-ben2yH^-di-0-niesyI-D-glucitol CExanq)}e la), 30g) was dissolved in 
20 n4)utylamin6 (200ml) and sdned at 50^C fiar 4 days. TLC analysis indicated die reaction had 
gone to con^Ieticm^ The reaction mixture was concentrated and the resultant crude oil was 
purified by flash dmxnatography (gradient elution of 0 16% ettiyl acetate^etroleum ether) 
to give pipendine, l-butyi-3,4,S-tzis(phenylmetho}(y)-2-[(phenylmethcay)^ 
C2S3R.4IUS) (23g. 90%). NMR (CDQa): 8 □0.9(3H, t), 1 .2(2H, m), 1 .4(2H, m\ 
25 2J5(2H, m\ 2.7(1H m), 2.9(ia dd, J 6, 12 Hz), 34(1H, m), 3 J(1H AB quartet J = 10 Hz). 
3.55(1H, m), 3.65(1H, m), 3,7(1H, dd, J = 2, 13 Hz), 3.8(lHp dd, J = 6. 10 Hz), 4.4- 4.9(8H, 
UDU OCHaPh), 7-2- 7.4(20H, m, AriH)- 

b) 3^^«Pfperidkietriol, l-butyl-2-ai7droxymethy0-, (2S,3R/IR,5S) 

30 



Pipcridine, l-butyl-3,4^-tris(phenylmethoxy>.2-[^ (2S3t4R,5S) 
(15g) was dissolved in MeOH (300ml) and stzned overnight under a hydrogen atmofifphere in 
the presence of PdCl2(Sg). TLC indicated compledon of die reaction. The reaction mixture 

35 was filtered through celite (followed by a methanol/water wash) and the filtrate concoitrated 
to ca* SQznl. The solution was slowly loaded onto 70g of Dowex 50X12-200 resin diat had 
bem pane-washed with hydrocUtoric add. The resin was washed with water and dien ehited 
with a niixtuie of 1:7 cone, aqueous amnioniarwater. Product fiiactions were concentrated to 
give 3,4,5^ipcridinetrid, l-butyl-2-(hydroxymethyl>, (2S3R,4R,5S) (4.8g, 85%) as a 

40 cdouriess oil. NMR (D2O): S 0.90(3H, t), 1 J 1(2H, m), 1 .49(2H, m), 2.53(1H, ddX 
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2.63(1H, dddX 2.72(1H, ddd), 2.87(1H, dd), 3.14<1H, q), 3.44(1H, 0, 3.61(111. ddd), 3.75(1H, 
dd), 3.85(1H, dd), 3.89(1H, dd). 

Example 3 3,4,5-PiperidinetrioI, l-pentyl-2-(hydroxymethyQ-, (2S»3R^R^ . 
5 a) Kperidiiie, l-pentyl-3y4,^tris(phenylixiethoxy>2-[(p]ieDyI-met^ 




1 0 Crude 2^ A64eta<)-beiizyI-14-di<>-m»yI-I>-gii]d^ (Bxaiiq>Ie la), Ig) was dissolved in 
n-peatylamine (lOml) and sdned at SS°C for 4 days. TLC analysis indicated the xeaction had 
gone to completian. The icacticii mhctnie was concentrated and the lesnltaiit cnu^ 
pmified by flash chtomatogiaphy (gradimt elation of 0 -> 12% ediyl acetate/petroleum ^ber) 
. to give piperidine, l-pentyl-3,4,5-triB(phenylinethoxy)-2-{(phea3dmedK)xy)-nMt^^ 

15 (2S3R,4R,5S)(680iiig, 76%). 'HNMR (CDOa): 6 D1.0OB, t), 12(2H, m)» 1.4(4H, to), 
1.6(2H. m). 2.7(2H, m), 2.85(1H, m), 3.05(1H. dd. J = 5. lOS Hz). 3.55(1H. m). 3.7(2H. m). 
3.85(2H, nO, 3.95 (IH, dd, J « 5, 9 Hz), 4.6- 5.05(8H, m, OCHtPh). 7.4- 7 J(2QH, m. ArH). 



b) 3y4^-PiperidiBeh1ol, l-pen^-2-(bydrDxymethyl)-, (2S;3K^B^ 

20 




Pip^duie, li)entyl'3,4^-tris(phmyhiQethoxy)-24(phenyImethoxy)^ (2S3R,4R^S) 
(68003^ was dissolved hi MeOH (lOnd) and stirred overnight under a hydrogen atmosphere 

25 mthejttesenceofPdaiCSOOmg). TLCmdicatedconqiletionof thereacdon. The reaction 
mixtaic was filtered through celite (followed by a methand/water wash) and the filtxate 
concentrated. Thecancentrate was diluted with water and slowly loaded onto Sg of Dowex 
50X4-200 lesmdiat had been pte-wasbed with hydrochloric acid. The resm was washed with 
water and then eluted with a mixtnre of 1 17 cone. agnRnns 0Tnmnfn^»t* wgt»ffr. Ptoduct fcacdons 

30 wae concentrated to give 3.4^-pq)eridmetriol. l-pentyl-2-(hydio;QanethylK (2S3R»4R^) 
(240ni& 90%) as a gummy solid. NMR O^zO): 8 0.75(3H, t), 1 •15(4H m), 1.35(2H, m), 
Z35(1H, dd. J = 10, 12.5Hz), 2.5(2H, m). 2.7(111. dd, J =: 5. 12Hz), 3,0(m dd. J = 4. 9Hz). 
3.25(1H. t), 3:45(ia m), 3.6(1H dd, J = 5. IQHz), 3.75(2^ m), 

35 l&ample 4 3,43-PiperIdiiietriol, l-heptyI-2-<hydroxyiiieth]^, (ZS^RyOt^ 

a) Piperidine, l-Iiep^-3,4,S-tris(|^iei^inellioxy)-2-[(pheQyI^iDict^^ 
(2S,3IMR^S) 
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10 



Crude 2,3,4.6-telra"04)enzyl-1.5-<li-0-inesyl-D-glucitol (Bxaiq)le la)» Ig) was dissolved in 
n-heptylamine (lOnd) and stixred at 55^C fcx 4 days. TLC analysis indicated the leaction had 
gone to coznpletion. The leacticm niixtuxe was concentrated and tbeiesultant cnide oil was 
purified by flash chromatography (gradient eludcm of 0 2S% diethyl ether/petroleum ether) 
to give piperidine, l-hq>^-3,4^-tri5(phenyhnethoxy)-2-[(ph»iy]methoxy>n2^ 
(2S3R,4R^S) (690mg. 76%). *H NMR (CDOs): 8 □0.9(3H, t), 1.3(«H. m), 1.4(2H, m), 
i5(2H, m), Z7(1H, m)» 2.9(lHp dd. J =r 5. 11 HzX 3.4(1H. m), 3^5(2B[. m), 3.7(2H. m), 
3.8(1H. dd, J = 6, 13 Hz), 4.4- 4.9(8H. in. OCHaPh), 7.2- 7.4(20^ m. ArH), 



b) 3,4y$-Fiperidinetriol, l-lieptyl-2-OiydrcM^nielhyI)-, 






m 




III 



15 Pip« . , ^ . 

. (69Qing) was dissolved in MeOH (10ml) and stirred ovemight under a hydrogen atmosphere 
in the presmce of PdQi (3S(hpg), TLC indirjitfld cotqpletion of the leactian. Thei^tion 
mixnire was filtered through celite (followed by a methanol/water wash) and die filtrate 
concentrated. The concentrate was diluted with water (Snd) and slowly loaded onto Sg of 
20 Dowex 50X4-200 lesin that had be^ pre^washed with hydrochloric acid. Theiesinwas 
washed with water and then elated with a mixture of 1:7 cone, aqueous anxaKmia:water. 
Produa fractions were concentrated to give 3,4,S-piperidinetdol. 14ieptyl-2- 
(hydroxymethyl)., (2S,3R^4IU5S) (26Qmg, 909b) as a gummy solid. *H NMR (DjO): 8 
0.7(3a t), 1.1(8H. m), 1.3(2a m), Z45(3H, m), 2.7(1H, dd, J = 5, lOHz). 2.95(IH, dd, J = 4, 
25 9Hz). 3.25(1H, t), 3.4(1H, m), 3.55(lli dd, J = 5.5, 9.5Hz), 3.65(2a m). 



Example 5 S/t^IlperidiiietrioU l-butyl-2-hydraxyiiielliyl)-, (2S»3S,4R^) 
a) 2^/4^Tetra-0-benzyMKgal^tol 




30 BnO 



23,4,6-Tetra-O-benzyl-D-galactopyranose (107g) was delved in ethanol (0.6L) and, whilst 
stiiiing at 0^ sodium bmdiydride (3 Ig) was added. After stiiring ovemi^ TLX:: analysis 
indicated completion of the reaction* The ^hanol solution was partitioned between water 

35 (3L) and edier (1.5L). llie csganic phase was dried CNa2S04), fiilt^Bd and concentrate The 
resulting oil was purified by flash diroroatography (gradient elution usixig 2(MS0% edxyl 
acetate/petroleum eth^) and then crystallised from a mixture of ediyl acetate/petroleum ether 
togive2.3,4,64etra-<)-benzyl-I>«alactilol(W^^ *HNMR(CDa3):S 
2.4(ia bs), 3.35(1H, bs), 3.55(2H, m), 3.8(3H, m), 3.9(2H. m), 4.1(1H, m), 44^.8(8H, m. 

40 OCHzPh), 7.2-7.4(20H, m, AiH). Mass spectnnn: m/z 543 OVi+H)^ 565 (M+Na)\ 
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b) 




OMs 



BnO 



23 .4,6-Tetra-0*enzyH>-galactitol (7.6g) was stiired at (fC in pyridine (20 ml) and a 
soludon of mesyl chloride (2,5 ml) in pyridine (20 ml) was added. The solution was stared at 
4'^ovenugbt llC analysis showed conqpletion of the reaction. The reaction mixture was 
partitioned bet ween etibyl acetate and waiei^ce. Hie oi^ganic fractions were washed with 5% 
hydrochloric add then saturated aqueous sodiom bicarbonate solution* dried (NaaS04) and 
concentrated to give a colouriess oil which was used diiectly in the next stages 



c) F^ridiney l-biit34-3^^tris(phenyhnethoxy)-2-[(pliraytanethoxy)-mefliy^^ 
(2S^,4R^S) 



oil purified by flash clmomatograpby (gradiCTt elution of 5 16% ethyl acetate/petroleum 
eflier) to pvc pipaidme, l*ntyl-3,4»54ris(phenyImethoxy>2^[(phenylmethoxy>ine^ 
(2S3S.4R^S) (4.8g, 59% from 2,3.4,6-tetra-0-ben2yH^-di-OmesyM>gaIactitol) as a 
colourless dL NMR (CDQa): 5 0.9(t, 3li J - 6Hz), 1 .25(m, 2H), 1 .4(m. 2H), 2.6(m, 3H), 
i8(m. IH), 3.0(m. IH). 3.4(m, IH). 3.55(2H. m). 3.75(1H, m), 3.8(1H. mX 4.3^.6(8H, m, 
OCHJPh), 7.15- 7 J(20H, m, AiH). 

0) 3^^-FipeKidhietriol, l-butyl-l-hydroxymetiijl)-, (2S^S/iR,SS) 



Kpmdine, l-butyl-3/l^4ris(phenyhnethoxy>2-I(phenyhieflK)xy)-mefliyI], (2S3S,4IU5S) 
(4.8g) was dissolved in methanol (lOQml) and stined overnight under a hydiog^ atmospheie 
m die presence of PdQj (2.5g). TLC indicated completion of the reaction^ The reacti^ai 



120(plus) lesin which had hem pte-washed with hydrochloric add The resin was washed 
with water then eluted with a.mixtaie of 1:7 cone, aqueous ammonia: water- (S(X)!nd). Product 
fractions woe concentrated to give 3,4^i)iperidinetriol, l-butyl-2^ydroxymethyl)-, 
(2S3S.4R^S) (l^g, 70%) as a colourless dl. NMR (DjD): 5 0.95(311, t), U5(m, 2HX 
2.61(1H, dd), 2.70(IH, m), 2.87(ia dd), 2.95(ia ddd). 3.76(1H ddd), 3.78(1H dd). 
3.90(1H dd), 3,94(1H, ddd), 4.06(1H. dd). 






Jratedto 
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Example 6 3,4^PiperidmetrioI, l-nMiyl-2-0iydros7iiietIrpl)-, (2S3R,4R^ 
a) Plperidine, l*nonyl-3A5-tris(phenylmeth02cy)-2-((phenyI^ 
(2S3R^K95S) 




Crude 2,3Af6-^Gt[^<>'hmzylA^ (Bxa^^>lc la). l.Og) was dissolved in 

Donylamine (1.2 ml) and stkred at SS'^C for 5 days. The reaction nnxtnie was concentrated 

' • . . • 

and die lesuItaQt erode oSi was pmified by cQliiiim dtramatogr^hy (gradient elutioD 0 ->12% 
eihyl ethei/pBtioteum ether) to give pipoidine, l-iK)iQrl-3,4;5-tns([dKiiylmBthi(U9)-2^ 
[O)henylinfi*hoxy)iiiethyl], (2S,3R,4IWS) (660n)g, 71%). 'H NMR {mOHz, CDCI,) 5 
0.88(3H, t, J 7Hz); 1.14-1.40(12H, nO; 1.40-1 J5(2H, nO; 2.43-254(2H, m); 2.60-2.71(1^ 
m); 2.84(1H, dd, J = 12, 5Hz); 3,30-3.36(lH, m); 3.42-3^7(21. m); 3.64(1H, dd, 9, 5Hz); 
3.67(1H. dd. J = 1 1, 3Hz;); 3.78(1H. dd, J = 9. 6Hz); 447(2H, ABq): 436-4.72(4H. nO; 
4.78(2H, ABq); 7.18-7.42(20H. m). 

b) 3^^-Piperidiiietriol, l-nmiyl-2-<liydrffiqnnetti]4K (2S^IMR|5S) 




Piperidine, l-nonyl-3,4,5-tris(phenyIinethoxy>2-[(phenylmethoxy>njefliyll, (2S.3R,4R,5S) 
(660DQg) was dissolved in MeOH (lOml) and stined ovemi^ under a hydioigen atmosplme 
in the presence of Pda2 (300mg^. The reaction nuxtore was filteied through celite (followed 
a methand/watnr wash) and the filtrate was coDcentiatBd. Hie concentratB was purified by 
absoiption onto Dowex SQX4-200 resm (8j^ and eludoot with a auxture of 1 :7 aqueous 
ammoniaiwater to give 3.4.5-piperldinetiid, lKionyl-2-(hydToxyinethyI)-, (2S3R^SS) 
(160mg. 61%) as a gunmay solid. 'HNMR (30QMHz. CDiOD) 5 0.91(3H. m); 13(12H. fas); 
1.45-I.58(2H, m); 2.53-2.69(2H, m); 2.70-Z84(2H, m); 3.0O-3.07(lH, m); 3.35-3.42(lH, n^; 
3.49-3.58(lH, m); 3.70(1H. dd. J = 9, 5Hz); 3.78-3.89(2H. m). MS a/z 290.4 (M+H)^ 

Esampk 7 3 AS-Piperidtnetiiol, l-(l-efliyl)propyl-2-(hydroxym^y0-9 
(2S3R,4R»5S) 

. a) PIperidi]ieyl-<l-ethyOpi^pyIO/t^tris(pIieny]metho^^^ 
[(pIieny]meaKKsy)meffayl], (2Ss3R,4R^ 




1^4^-(>.methanesulfonyl-2,3»4»64etra-0*4)eDzyl-D*^uci^^ (4.0g} was dissolved in 1- 
ethylpropylanune(6nd)andst!ncdat55^for4^^ The reaction niixtuie was concentrated 
and die zesultant faarown oil was purified by column chromatograpfay on silica gd (gradient 
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eluticHi 0 to 1S% diethyl etha/petioleam ether) to give pipcridtbe, Hl-ethyl)prqpyl-3 AS- 
tris(phenylinetlK)xy)-2-[{phOTylniethoxy)meth^^^ (2S3R,4R^S) (1.46g, 33%) as a pale 
yeUow oiL NMR (CDQa): 5 0.79-0.86(6H, m), L17-L30(4H, m), 2.30-2^1{lH, m), Z62- 
2.71(1H. m), 2.83(1H, dd. J = 12, 5HzX 3.30-134(lH, m), 3.43-3 J3(2H, m), 3.66-3.73(2H, 
5 m), 3.83(IH. dd, J = 9, 6Hz), 4.50(2H. s), 4.63-4.79(4H, m), 4.83(2H, ABq). 7-23-7.42(20H, 
m). 

b) 3,4^PiperidiiiefriQl, l-(l-etfayl)propyl-2-(hydroxymetliyI)-, (TS^SR^R^S) 



To a solution of piperidine, Hl-ed2yl)propyl-3,4^-td5(irfienylmetfaoxy>-2-[(pheDy 
mBihoxy)inediyll,(2S,3R,4R,5S) (1.46g) in methanol (15inl) was added Pda2(750mg). The 
reacdoa mixtiae wa$ stined tmder an atniosphm 

1 5 indicated coicpletion of the reaction and it was filtered thioagh a celite pad and concentrated. 
The erode matmal was pnrified by absocpdon onto 8.5g of Dowex SQX4-200 resm and 
elution with a mixture of 1:7 28% aqueous anunonia: water gave, after lyophUisation, 3»4,S- 
piperidnietriol, Hl-etfayl)propyl-2-(hydroxyniethyl)-, (2S3R,4R^S) (530ing, 92%) as a 
white solid. *HNMR (DiO): 5 0.82{6H. U I =7H2). L29-1-58(4H. n^, 2.41-2.52(2H, m). 

20 2.87(1H, dd, I = 13, 5Hz), 3.16(1H, dd, J 10, 4Hz), 3.36-3.44(lH, m), 3,47-^3.56(lH, m), 3.69- 
3.77(3H, m). MS Jw/i 234 (M+W- 

Examine 8 3,4,5-Piperidmetriol, l<3-niethyl)butyi-2-(hydroxyiiietfajl)-, 

25 a) Piperidine, l-(3-inethyl)butyl-3/l^tris(pheny]metiioxy)-2- 
[(phenyImetIiarf)niefliyI]y(2S,3K^,5S) 



30 l,54)i-a^nethanesulfonyl-2,3,4,6-tetra-<)^ (4.0g) was dissolved m 

isoamylanime (4 ml) and stined at SS'X! for 4 days* The-reaction mixture was concentrated 
and the resultant hmwn oil was purified by coluiun chromatography on silica gel (gradient 
etation 0 to 20% diethyl ether/i)etrDlcum ether) to give piperidine, l-(3-mefliyl)butyl-3,4,5- 
tris(phenyhnethaxy>24<phenylniethaxy)^^ (2S3R/Hl^ 5S) (2.53g, 67%) as a 

35 colourless oiL NMR (CDQa): 5 0.80(6H, d. J = 6Hz), 1.12^1.33(3H. m). 239-i50(2H, n^. 
2.59-2.70(lH, m), 2.79(IH. dd, J = 11, 4Hz). 3^3.32(1H, m). 3.38-3.52(2H. m). 3^6- 
3,67(2H, m), 3.74(1H, dd, J = 11, 6Hz). 4.43(2H. ABq), 4.52-4.67(4H. m). 4.75(2H, ABq), 
7.18-7.30(20H, m). 

* 

40 b) 3,4^Flperidiiietriol, HS-meth^botyl-Z-Qiydrasymethyl)-, (2S,3R,4R^ 
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* * 



To a soladon of piperidine, l-(3Hiiethyl)butyI-3,4^-tris(phenyl]i3&thoxy>2- 
[(pheayIinethoxy)methyl},(2S,3R,4R^S) (2.S3g) in methanol (30ml) was added PdChCl^g). 
5 The leactioo imxture was stined luuler an TLC analysis 



with a mixture of 1:7 28% aqueous ammnniarwater gave 3,44-piperidinettiol, l-<3- 
niethyl)butyl-2-(hydroxymeaiylK (2S,3R,4R,5S) (960mg, 97%) as a gUBamy solid. NMR 
1 0 (DaO): 6 0.83(6H, dd, 1 = 7, IHz), L26-1.42(2a m), 1.43-1.55(IH, m), 2.46(1H. dd, J = 12, 
lOHz), 2.57(1H, ddd, J = 12, 10. 6Hz), 2.68(1H, ddd, J := 12, 10, 6Hz), 2.81(1H, dd, J 12. 
5Hz), 3,08(IH, dd, J = 10, 5Hz), 336(1H. t, J = 9HzX 3.54(1H. ddd, J = 10, 9, 5Hz), 3,68(1H. 
dd. J - 10, 6Hz). 3.75-3.87{2H, m). MS m/z 234 (M+H)^ 

1 5 Esample 9 3,4^FipetidiiietrioI, l-(2-phenyl)ethyl-2-0iy droxymethyl)-, 
(2S,3R,4R^S) 

a) IHperidiiie, l-(2-phenyl)eth7l-3,4^-tris(pheniiniethoxy)-2- 
[(phenjlmethoxy)iiiefiiyl]X2S|3R^R^) 



13-I>i-^'methanesnlfonyl-23t4,6-tetra-0-beii^l"I>-glud (S.Og) was dissolved in 
^leaethylamine (10 ml) and stilted at 55^ for 3 days. The teaction mixtine was 
concentiated and the resultant biown oil was purified by column chromatography on dlica gel 

25 (gradient elution 0 to 30% diethyl ethei/petroleam ether) to give piperidine, l-{2- 

phenyI)ethyl-3,4,S4iis(phenyhDedu>xy>.2r[(phrayhnetho3Qf (2S3MR*5S) (3:2g, 

71%) of as a colomiess oiL *H NMR (CDQa): 5 O,86-0.98(2H, m), L16-1^(2H, m), 2.56- 
2.7(1H, m), 2.7a-2,88(lH. m), 2.9I(IH, dd, J = 11, 4H2). 2.98-3.06(lH, m), 3.41.3.46(1H. 
nd. 3.46-3.60(2a m); 3.66(1H, dd, J =r 9, 6Hz); 3.75{1H, dd, J 10, 3Ha), 3-87(lH, dd, J = la 

30 6Hz), 4.52(2H, ABq), 4.604.74(411, m), 4.83(2H, ABq), 7.10-7.38(25H, m).. 

b) 3/l,5-Piperidinetiiol» l-(2-phenyl)ethyl-2<(hydroxyinettiyl)-, (2Ss3R»4R^S) 



To a solution of piperidine, l-(2-phenyl)ethyi-3AS4ris(iAenyimethoxy>'2- 
[(phenyhnethoxy)methyll,(2S,3R,4R,SS) (4.0g) in methand (3Qml) was added Pdaz(1.4g). 
The reaction iniximDe was stined under an atmosphem of 1^^ TLCanalysis 
indicated conq>letxon of the reaction and it was filtered through a celite pad and concratcated* 

■ 

40 Ttie crude mat^al was absorbed onto 20g of Dowex 50X4-200 resin and elnted with a 
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mixtum of 1:7 28% aqueous aauxK)nia:water. The product fractions were lyophilised and d 
purified by column cbtomatography on silica gel (gradient elutim 0 to 20% 
MeOH/dichloroinethane) to give 3»4»S-pipaidinetrioI, l-(2i[)heQyl)ethyl-2^ydrQxymetl]yl>. 
(2S3R,4R^S) (970ing, 81%) as a gummy solid, 'H NMR (DjO): 8 2.50(1H, dd, J := 12, 
lOHz), Z68-2.97(5H, n^). 3.3(1H, dd, J = 9. SHz), 3.36(1H, t. J = 9Hz), 3^1-3.61(1H. mX 
3.66-3.73(2a m), 3.74-3-83{lH. m), 7.18-737(5H, m). MS m/z 268 {M+H)^ 



Etomple 10 SAS-Piperidinetriol, l-(3-plienyl)propyI-2-Qiydrcn7iiietfayO-, 

a) Piperidfiw, l-(3-phei|yl)propyl-3/l^tris(plten]^efh(xxy>^ 
[(phenylmelho27)0ietfayl],(25^Ky4R^S) 




l,5-I)i-^-mfithanesuIfOTyl-23A6-tetra'04)eiizyl-^ (5.0g) was dissolved in 3- 

pheQylpn^lani]ne(Sml)ands&redat5S'*Cf(^3days. The leaction mixtme was 
concentrated and the resultant brown oil was purified by colunm cbiomatogtaphy cm silica gel 
(gradient elution 0 to 25% diethyl ethei^petroleum etber) to give piperidine, l-(3- 
phenyl)propyl-3 A54iis(phenylinethoxy>2"[(phen (2S3R, 4R^S) (4.25g. 

100%) as a pale yellow oiL *H NMR (CDQa): 5 1.72-1.84(2H, m), 2.54-2.64(4H, m), 2.70- 
2.80(1H. m). 2.87(1H dd, J * 1 1. SHz), 3-34-3.39(111. m), 3,46-3.62(2H, m), 3.65-3.74(2H, 
m), 3.84(1H, dd, J = 10, 6Hz), 4.52(2H, ABq), 4.62-4.75(4H, mX 4.84(2H, ABq), 7.12- 
7.39(2SH m). 



b) 3,4^-FIperidiiietriol, l-(3-phen3l)propyI-2-0iydro2ymethyl) ^ (2S,3RytR^ 




To a solution of pipecidine, H3i)henyl)propyl-3,4,5-tris(phen>linethoxy)-2- 
I(phenyhneliiQxy)niethyl],(2S,3R.4R,5S) (4.?g) in metiband (40ml) was added PdQi (I.6g). 
The reaction mixture was stirred under an atmosphere of hydrogen overnight TLC analysis 
mdicated completion of the xeacfion and it was filt^ed throu^^ a celite pad and concentrated. 
The crude material was absorbed onto 20g of Dowex 50X4-200 xesm and duted with a 
mixture of 1 :7 28% aqueous armnoniarwater . Tlie product fractions were lyophilised and 
then purified by column chromatography (m silica gel (gradioit elution 0 to 20% 
MeOHAiichloroinethane) to give 3,4,5-piperidiDetrioI, l-(3-pbenyi)prc^l-2^ 
(hydroxymethylK (2S,3R/iR^) (1.36g, 71%) of as a clear gum. *H NMR (DjO): 8 1.69- 
L82(2H. m), 144(1H, dd, J = 12, lOHz), 2J1-2.72(4H, m), 2.78(1H, dd, J » 13. SHz), 
3,05(ia dd, J s= 11, 5Hz), 334(ia t, J = 9Hz), 3.52(1H, ddd, J « 10, 9, SHz), 3.66(1H, dd, J 
= 10. SHz), 3 J1-3.81{2H, no. 7.17-735(5H, m). MS m/« 282 (M4^^^ 
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Example 11 SAS-Piperidinefrid, l-Cl-ethyOhexyl-lKhydroxymethylK (2S;3R^R»5S) 
a) nperidine, l-(2-€thyl)lie37l-dy4,5-tris(phenylme(hoxy)-2- 
[(pheiiylmethoxy)methy]],US^R,4R^S) 




(3.Qg) was dissolved in 2- 
ethylh^lamine (5nil) and sdcied at SS^C for 4 days. The leacdon nnxtuxe was concentrated 

1 0 and the lesultant hrown oil was purified by column ciiramatograpliy on silica gel (gradient 
elution 0 to 17.5% diethyl ethei/petFoleum ether) to give piperidinet l-<2pethyl)he3QrI*3 AS- 
tris(phenylinethQxy)-2-[(phenyUneflioxy)methyI], (2S3Rf4R4S) (2.6g, 57%) as a colourless 
oU. NMR (CDQa): 8 0.75-Oi>3(6H, m), L17-1.38(9H, m), 2. 16(1H, dd, J = 13, 6Hz), 
2.25-2.36(2H. m), 2.52-2.60(lH, m). 3.02-3.09(lH. m), 3.24-3,36(2^ m), 3,40-3.5l(2H, m). 

1 5 3.60(1H. dd, J = 10, 6Hz), 4.53C2H. ABq), 4-62h4 J6(4H, m), 4.85(2H, ABq). 7.18-7.3 1(20H, 



b) 3A5-IHperidhieeri<d, lK2-ethyOhe2qrl-2-(hydroxyi^^ 



20 




To a soluticm of piperidine, 1 -<2-ethyI)hexyi-3,4r5<-Cris(pliaiyIinethoxy>-2- 
[(phenylxnethosqOmediyl], (2S,3R,4R^S) (2.6g) in methanol (20ml) was added Pdaz 
(9D0a^* The reaction inixtQr& was stiiFed under an atmosphere of hydrogen overnig^ 
25 analysis indicated con:pIetiQn of the reaction and it was filtered through a celite pad and 
concentrated. Thecnidenoaterial wasafasotbedanto 13gofDow^SQX4-200resban^ 
eluted with a mixture of 1:7 28% aqueous ammoniaiwater. Th& product fractions were t] 
purified by colmnn chromatography on silica gsH (gradient elution 0 to 10% 



» 


J 






ri 




1 



Itlll 



30 2-(hy<Iroxyinelliyl)-, (2S3R, 4IU5S) (320ing. 28%) as a 

0.68^>.80(6H. m), 1^132(9H. m). 2.3&-2.46(3H, m). 2.60(m. dd, J « 13, 5HzX 190(1H. 
dd, J = 12, fiHz), 3.30-3 J8(1H, n^. 3.40-3.49(lH. m), 3^5(1H, dd, J = 13. 9Hz), 3.66(1H, dd, 
J = 9, 5HzX 3.74aH, dd, J = 11, 7Hz). MS m/i 276 QA-tB)*. 



35 Example 12 S/t^Piperidinetrid, H2-etfayObat}l-2^yd»ni7iiieaiyI)-, (2S,3R,4S^S) 
a) F^^erkline, l-(2-eai:^biil34-3,4^tii5(pfaeiqrlnutlicsy)-2- 
[Opbcn7liiietIio37)ineaiylM2S^R»4R>59 
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l,54)j-£>-iiiethanesdfonyl-23 A6-tetm<)4)Mi2yl-^^ (3.0g) was dissolved in 2^ 
ethylbutylainine (2.SxnI) and stirred at S5^C £^ The xeacticm mixtuie was 

5 concentrated and tlie resultant brown oil was purified by colmrni chromatography on silica gel 
(gradient elntion 0 to 12% cfietbyl etheiy^)etioleuin ether) to piperidtne. l-<2-ethyI)batyl- 
3,4^-tris(phenylniedioxy>2-i(phOTylmethQxy)i^^ (2S3R,4R^S) (1.93gp 74%) as a 
colourless oil (Rf. 0J2S, 20% ethylacetate^petroleom ether) which was used dircctly in the next 
stage. 

0 

b) 3/I^PipeEiduietrioI» l-(2-eliiyObutyl.2"0iydroxyniefhyl)-» (2S^R^S^S) 




15 To a solution of piperidine, l~(2-ethyI)butyl-3,4,5-trls(phenyhnethoxy)-2- 

[(phenyUnethoxy)methyll, (2S3R,4R^S) (1.93g) in methanol (2Qml) was added PdQa 
(SOOmg), The reaction mixture was stirred under an atmosphere of hydrogen ovemighL TLC 
analysis indicated conq>leti(m of the reaction and it was filteied through a celite pad ai»l 
conceaitrated. The crude material was purified by abscxptioQ onto lOg of Dowex 50X4-200 

20 resin and elation with a mixture of 1:7 28% aqueous anuncHiia:water gave, after 

Iyc5)hilisation, 3,4^-piperidinetrioI. H2-ethyl)butyl-2-(hydiQxymethyl>, (2S3R,4R^S) 
(735mg, 94%) as a white soUd. NMR (CDQa): 8 tt78(6H t, J = 7Hz), L14-1.30(5H, m\ 
2.32r2.4g(3H. m\ 2.<S3(1H, dd, J = 13, SHz), 2.92(1H, dd, J 13, 6Hz\ i37(lH, t, J =: 9Hz). 
3.47(1H, ddd, I = 10, 9, 4Hz). 3,57(ia dd, J =^ 11. 7Hz), 3.68(1H, dd, J = 9, 6HzX 3.77(1H, 

26 dd,J^U,4H2).MSm/z248(M+H)*. 

Example 13 3^5-Ptperidiiietriol, l-i;(2R)-(2-mettiyl-2-pheD^0etIiyI]-2* 
OiydrDxymettiylK (2S^MRi5S) 

a) Pipeiidine, l'{(2R)K2-meai]i-2-pIieiiyl)eil^Q-3/l^ti^ 
. .30 I(iphcnylmefiiosy)methyl],(2S^R,4K^ 




1^4)i-0-methanesulfonyl-2,3,4,6-tetxa<)-bMiqrl-D-gluc^^^ (2.5g) was dissolved in DMP (3 
35 ml). Diisqjropylcthyhunine (1.5ml) and R{+)-p-inethylpheaethylamine (Ig) were added and 
the reaction was stirred at 55"^ for 5 days. lie reaction xnucture was concentrated and the 
resultant brown oil was purified by cohmm chromatography on silica gel (gradrent dution 0 
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to 25% diethyl etbei/petiDleiim ether) to give piperidine, l-[(2R)-(2-]xietfayl-2-pbenyl)ethyl]- 
3,4^-trt5(phcnylnietbQxy>24(phenylmethoxy>0iethylJ, (2S3R,4R^S) (740mg, 32%) as a 
pale yeUow dL NMR (CDQa); 6 1.21-1^(3^ m). 2^2-2^9(lH. m), 2.70-2.95(4H. m). 
3.35-3.40(lH, mX 3.44-3.52(2H, m). 3.64(1H, dd, J » 12, 9Hz), 3.74(1H, dd, J = 11, 3Hz), 
3.86(IH, dd. J 9, 6HzX 4.47-4.69(6H, m\ 4.83(2H. ABq), 7a7-737(25H, m). 

b) 3,4^-Flperidinefrio], H(2R)-(2-iiietIi]i-2-pheiiyl)ethyg'2-(hrdro 




To a solution of pipmdine, l-K2R)-(2Hmethyl-2-phenyl)ediyl]-3»4»5-tris(phenylinethoxy)-^^ 
[{phenylmBthoxy)ii»thyIl, (2S3R,4Rt5S) (74Qing) in methanol (15ml) was added PdO, 
(300mg). The rcacticm mixture was stirred under an atmosphere of hydrogen ove^ TLC 
analysis indicated completfcm of the reaction and it was fOteied through a celite pad and 
concentrated. The crude material was purified by absorption onto lOg of Dowex 56X4-200 
resin and elution with a mixture of 1:7 28% aqueous ammonia:water gave» after 
lyophilisation, 3,4^-pipeadinelriol, H(2RK2-mediyl-2-j[dienyl)ethyl]-2-(hydnjxym^^ 
(2S,3R,4R, 5S) (300nig, 92%) of as a gummy soUd. ^HNMR (CDQa): 5 1.18(3H, d, J = 
SHzX 2,42(1H. dd. J « 12, 9Hz), 2.56-2.87(5H. m), 3i9(lH, t. J = 9HzX 3.39.3-66(4H, m), 
7.07-7.23(5H. m). MS m/z 282.3 QA^H)\ 

Example 14 3^^-pipeiidinetrioi» l-[0S)-(2-metfayl-2-phenyl)ethyl]-2- 
(hydraxymethyl)-, (2S^R^R,SS) 

a) Hperidine, H(2S^(2pmethyl-2-phenyl)eth^>3A5-trisO[»heii^ 
[(pheDybn«fIioxy)methyil,(2S3R»4R,5S) 




« 

l,5-Di-^melfaanesuIfoiiyl-23A6-tetra-<)-^^ (2.5g) was dissolved in DMF 

(3ml). Diisopxopylethylamine (1.5ml) and S(-)-P-methylpheiiethylaii)dne (Ig) weate added and 
the reaction was Btined at SS°C for 5 days. The reacdon mixture was paititi<med between 
aqueous NaOH (IM, 3Qml) and ethyl acetate (5()ml). The oiganic phase was washed with 
saturated aqueous NaHCO^, dried over Na3S04 and ctmoentrated. The resultant crude oil was 
purified by column chromatography on silica gel (gradi^ elution 0 to 17% diediyl 
efliei/petcoleum ether) to give piperidine, l'[(2SH2'm^yI-2-phenyl)ethyll-3»4,5- 
tiis(phmylmetho^>2-I(phenylmethoxy)^nethy^ (2S.3R,4R3S) (700mg, 31%) as a pale 
yellow ofl. NMR (CDQa): S L17-1.21(3H, m). 2.55-2.64(lH, m), Z79(ia dd, J 12. 
7Hz), 2.87(1H, dd, J 13. 6HzX 2.98(1H dd, J » 13. THz). 3.20-3.26(lH, mX 3.40-3.54(3H. 
m). 3.69(1H, dd, J = 10, 2H2). 3.84(1H. dd. J = 13. 7Hz). 4.46^.70(6H, m). 4.8(2H, ABq), 
7.09.7.38(25H, m). 
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b) 3/I^Fiperidixietriol, 14(2S)-(2-methyl-2-phenyl)ethyl]-2-(h7drQS3in 




Mb 



5 



To a soIudoD of pipoidine, l-[(2SH2-methy]-2-phenyl)ethjd]-3,4,5-td8(pheny]inethoxy)-2- 
[^heDyIineth(»y)mcthyl], (2S3R,4R^S) (TOOmg) in methanol (ISml) was added of PdCh 



10 analysis indicated coiiQ»ledoa of Oie reaction aiid it was filteied 

concentaraiEd. The crude material was purified by absorpticm onto lOg of Dowex SQX4-200 
lesin and ehitioa with a mixture of 1:7 28% anunonia'-water gave, after lyophilisatioii, 3.4,5- 
piperidinetrid. l-t(2SH2-inethyl.2^>hMyl)ethyl]-2-(hydKayin^ (2S3R,4R4;S) 
(250mg, 81%) as a gummy soUd. 'H NMR (CDCL3): 5 1.17(3H. d, J = 5Hb), 2>15(IH dd, J • 

15 =13, lOHzX 2J9(IH, dd, J = 13, 4Hz). 2.64-2.86(3H, m), 2.95(1H, dd, I = 14, 6Bz), 3.34 

(IH, t, J = 8Hz), 3.42-3.55(2H, m), 3.64 (IH, dd, J = 8, 5Hz). 3.74(1H, dd, J = 11, 6H2), 7.08- 
7.23(5H, m). MS m/z 2823 (M+H)*. 

Example 15 l^peridine, l-[(4>nietii0xyplienyl)metliyl]-3y4,5-tris(phenylnietlun^)>2- 
20 [(ph«aylm^oxy)mefliyl], (2&fiH^RJSS) [protected intennediafe] 



(gradient elutioo 0 to 23% diethyl ethea/petroleum ether) to give piperidine, 1-1(4- 
m^loxylpbenyl)m^l^3/t,54ris(pheIvlnletimy)-2-[^heoyl^naetlK>^)I^ 
(2S,3MR^) (17.1g, 75%) as a pale yeUow oiL 'H NMR (GDQs): 5 2.50-2.60(1H, m), 
30 i83(lH, dd, J = 13, 4Hz), 3.39-3.44(IH, m). 3.51-3.6I(2H. m), 3.64-3.80(3H. m). 3.84(3H, 

s). 3.70-3.T7(2a nO, 4.54{2H, sX 4.58^.69(4H, m), 4.85(2H, ABq), 6.'87(2H, d, J = 7Hz), 
7.18(ZH, d, J = 7 Hz), 7.26-7.40(20H, m). 

Biological Data 

35 The c(aiq>ounds <tf the invention woe assayed (TaUe 1) to detmniiiB fte^ ' 
against eH lactogadase and glucosylcetajoiide gyntfaasc. la tbefonDer'case, assays were earned cnit 
ttccKding to tl^ inedK)ds descnbed in Jacob and Scuddear, Methods in BozymDlpgy, ( 1994X Z30» 
280. InthecaseofghicosylcexBnudesyntbas^ 
described in Piatt et al. J^ioLClenL, (1994X 269, 27108. 
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Table 1 



NB4XJJ 



ExainpleS 



Jack bean 
galactoddase 



3A 



280 



Mouse 

ceraudde 

^-galactoadase 



370 



NotinhSbitory 



Poidne 
inffisrinal 
lactase 
(KiuM) 



85 



• II 



Coffee bean Or 
galactosidase 



i2j6 



72 



(Hocosyl 
cetamide 
synthase 



32^ 



73.1 



TaUe 2 shows data far haman eozyiufis. Tbs assay for inhibitiQn of GCS was pedbocoKd 
essentially as desciibed in Flatt et al, JBkLCbesai, (1994), 2&, 27108, tbe enzymB soutce teing 
human tecombinant GCS expressed in insect cdQs. The ghicosidase assays were peacfonned as 
desiaibed (Bi<x:beinicd GoM^, A LabotHtoiy Mannal, Oxfonl lU 

nttmphenyl linked aiihstratag Mwnaal instearl nf mftltiylnmhftTlifernnft Ijulced Sllbstiates.. 



to TaUel 



CDnqKNind 



NB-DKI 



Human GCS 



15 



glooost 



960 



ino- 
ghiooridase 



<20)iM 



Human 0- 
galactosidase 



Noinl 
ImM 



mat 



NB-DOJ 



Exaiiq>Ie2 



Examples 



Not 



Not inhibitory 



Not iphibitoiy 



10.6 



Not inhibitory 



Not hJubitoary 



4-0 



Not inhihitory 



Notinharftory 



40 



Not inhibitory 



Not inhibitory 



15 



Thus; the conqx)unds of the invention «hibit less infaihitoiy action against both gbcosidases and 
galactosidases (tfaexeby reduciDg side effects) than coiB^ . 
while refining activity against glucosylceianiide synftases . 
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CLAIMS: 



1. A compound of f onmite (1) or a pharniaceudcaUy acc^^ 



HO 



XJ 



(0 



whexem 

R is Cm6 straight ot braiKjied-chaiD alkyl, optionally substftoted by C3.7cyclDaIkyI, 
and optionally intemipted by -O- the oxygen bdng sq>aTaled firom the ring nitcogeo by at 
1 0 least two carbon atoms> or Cmq alkylaiyl whm acyl is phenyl, pyridyl, tMenyl or fuiyl 

iK^iecefn phenyl is ctptionally substituted by one or more substitoents selected from P, Q, Br, 
CPs, 0CF3» 0R\ and Ci^straigfat or Imicbed^^hai^ 

is hydiog^ en: Ci^ straight or branched-chain dkyl; 
provided that the compound is not: 
1 5 a) 3,4,5-piperidinetrioJ, 14)utyI-.^<hydioxyniethylX (2S3R,4R^S); 

b) 3,4,S-pip«ridinc^ol, l-phe3iyhnethyl-2-(hydroixyn£fhylK (2S3R,4R,5S); ot 

c) 3p4,5-pipmdmetriol, l-nonyI-2-0iydn>xyinethylK CZS,3S,4^ 



2. A compound as defined in claim 1 wherein the hydxoxyl group at position 3 is in tfie 

20 RconJSguraj 



tl9lt 



3. A compound as defined in claim 1 or 2 wherdn R is C].|(8tiaiglit or btanched-chain 
alkyl. 



25 4. 



A ccnqpound as defined in claim 3 wheidn R is C3.10 strai^ chain alkyL 



30 



35 



40 



Ao 



t I II tit] III I« 



i selected frcnn: 












5. 



3,4^piperidintiriol, l-pat^l-2'(I]^oxyin^lK (2S3H*4R,5S) 
3.4^iperidhietriol, l-teptyl-2-(hydrQxymethylK (2S3R,4R,5S) 
3.4^ 



ciol, 14)iityl-2-(bydiQxy]nethyl)-, (2S3S.41US) 
3,44-piperidinelriol, l-nonyl-2-(hydn»xymetbyl)-, (2S3R,4R^S) 
3,4^peridinetiial. l-(l-ethyl}propyl.2-(bydnHymethyl>. (2S,^R^S> 
3AS-i>iperidinBttid. l-(3-mettiyJ[)butyl-2<hydioxyiDBthylK (2S.3R^IUSS) 
3,4^^>q>eridinetri6l, l-C2-i*aDiyl)ellqd-2-(hydioxyineaiyl)-, (2S3R,4R^S) 
3,4,5-iriperidinctrioI. H3iAraqrl)prqpyl-2KlQrdioaqrmetliyl>-, <2S3R,4R^) 
3,44-piperidinetriol, l-<l-ethyl)bexyi-2-aiydnaymethyl)-, (2S3R,4R^S) 
3,4^p^eridinetrial, I-<2-eaiyl)batyI-2<hydraKymBdQrI)-. (2S3R,4R^) 
3.4,5-iripcridinetriol. lH[(2RH2-me%l-2-pheoyl)eth:^]-2-OhordnayinethylK (2S3R,4R,5S) 
3,4»S-inpeddinetiiol, H(2SH2'ni^l-2-pheQyI)ediyl]-2KbydroxyniBthyl>. (2S3R,4R4S) 
or a phaimacenticaUy acceptabte salt or ptodnig tliBieo£ 



28 



wo 02/055498 



PCT/GB02/00106 



6. TbR compound l-pentyl-2-(hyciroxymediylK G2S^R,4R,5S), or 

a phannaceutically accq>table salt or prodrug thereof. 

• ' . .. 

5 7. Acoiiq)ouiidasdefi]iedinany CHieof tliepi^ 
and b), for use in medicine. 

« 

8. A phannaceutical fcnnuktion coIx^>rismg at least oro . 
oneof clainis 1 to 6, but without provisos a) and b), optionally together with one or more * 
1 0 {riharmaceutically acceptable carriers, excipients and/or diluents. 

9* A pxocess for the preparation of a conq^ound as defined in any one of claims ' 
which comprises: 

a) reacting a compound of fonnula CD)-' 

15 

OH 

(ID 

with HaBHaCN and an alddiyde of fonmila R^CHO» wheiem'R^ is Cuis straight or branched* 
chain alkyL in acetic add-metbanol, or with NaBH(OAc)3 and an al<^yde of foErmuIa 
20 R^HO, \^erein R^ is Cms straight or hranched-chain alkyl. optionally substituted by C3. 
Tcycloalkyl, and optionally intemqpted by -O^ the oxygen being sqwated firom the CHO ' 
moiety by at least one carbon atom, or Cojgalkylaryl wb^e aryl is as defined in claimlv in a 
solvent; or 

b) deprotection of a compound of ifoxmula (III): 

25 




OP 



m 

wherein R is as defined in claim 1, and P, which may be die same or dififerent, are^ fay^bxvcy 
piotectiiig gn>iq». 

30 

10. Tbeuseofacoicpoundas&finedmany ooeofclaims I to 6, but \ndiout imvisos a) . 
to c), in the mann&cture of an inhibitor of glucosyiceiaii^ 

IL Theti5eofacQnpoundasdefine4in anyoneofcIain]s 1 to 6, but without provisos a) 
35 to c) » m the manu&ctuie of a medicament for the treatment of a gjlycolipid stoiage disease. 

VL Hie u^ as claimed in claim 11 wfaeiein the gtycolipid storage disease is Qaucher 
disease, Sandhoffs disease, Tay-^achs disease, Fabry disease or GMl gangliosidosis. 
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13. Theuseofacoix^oiimlasddliiedinaiiyoM 1 to 6, but without provisos a) 

to cX in tbe znanufactaie of a medicament for 4be treatment I^emami-Plck disease type Q 
macopdysaocbaridnsis type X smcopolysaccfaandosis type IHD^ mucopolysaccbatidosis type 
5 niA, mucopdysacdbaridosis type VI, m]^^ . 
txmcc^pidosis type tV. 



- .14. Ibe use of a compoimd as defined in any one of claims 1 to6»bat vntfaoutpioviso6a)to 
c), in tbe mann&ctiiie of a medicament for tfae-tr^^ 
1 0 neuroblastoma* brain cancer* lenal adeoocaidnoma* roaHgnant melanoma, multiple mydoma and 
mnbi-drug resistant cancers. 



IS. Theoseof a ccaiqjomid as defined in any ogoe of claims 1 to 6» but wit^^ - 
to c), in the manuCwmirB of a inedicament f or use in tbe trcatna^ 
1 5 cpHepsy, stroke* Patldnscm's disease or spinal bjoty. 

16* Tbe use ofacQaq)ound as defined in any one ofclaimsl to 6* but without 
to c), in the mann&ctuie of a medicament for use in ttie txeatmec^ 
ndcroorgamsms which iidlize glycoli];» 

20 itself or toxins produced by tbe organism or disease caused t^infixti 
synthesis of ghicosylcetamide is an essential or important process. 

17. The use of a coHQKnmd as defined in any one of claims 1 to 6, but without provisos a) 
to c), in the manufactme of a medicameiit fer use in tlxe treaimffl^ 

25 ahnomal gjyconpid synthesis, e.g. polycystic kidney disease, diabetic lenal hypertrophy and 
atherosclmsis. 

18. The use of a coixq)ound as defined in any one of claims 1 to 6* but without provisos a) 
to c), in the manufacture of a inedicament for die treatment ctf a ccmditim 

30 administration of a ganglioside such as GMl gangiioside. 

19. The use of a ccHx^oinul as defined in any one of claims 1 to 6* but wiOiout provisos a) 
to c), in tile manu&ctuie of a medicamra t for use in reversibly rendedng a male nmrnmal 
infertSe. 

35 

20. The use of a ccxnpound of formula CO but wi&out the foovisos a) to c), m the 
nmu&u:ture of a medicament fior the treatmoai of dbesi^. 

21. AaxopoandoffoamdaCDI): 
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wherein & is as defined in claim 1 , and P, whidt may be the same or differ^ axe hydroxy 
protecting groups; iTOvided diat die oonipot^ 

i) pip^ldine. l-phenylmethyl-3,444ris(phenykaethoxy)-2-{(pfaenyI^^ 
methyl], (2S3R.4R,5S); 

ii) pip«dme. l-phenyhnethyt3.4,54ris(acetyloxy>2^(acetyloxy^methyq 
(2S»3R,4R»5S); 

iii) p^)eiidine» l^ihenyInieaiyI-3A5-di(acetyloxy)-5-^henylmethoxy)-2^ 
[(pheoyhoethoxy^niethyl], (2S,3S,4R^S); or 

iv) piperidine, l-me%I-3,4,5-di(acetyloxy)-5-(phenyhnethoxy)-2- 
[(phenyImethQxy}-niediy2]» (2S3S,4IU5S). 
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Continuation of Box 1*2 
Claims Nos.: (1-20) part 



Present claims 1-20 relate to a prodrugs which are defined by reference 
to a desirable property, namely they must be converted In vivo into the 
compounds of formula (I) 

The claims cover all compounds having this characteristic or property^ 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for only a very 
limited number of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the product/compound/method/apparatus by 
reference to a result to be achieved. Again, this lack of clarity In the 
present case Is such as to render a meaningful search over the whole of 
the claimed scope Impossible. Consequently, the search has been carried 
out for those parts of the claims which appear to be clear, supported and 
disci osedy namely those parts relating to the compounds of formula (I) 
and esters thereof » 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining- Authority 1s normally not to carry out a 
preliminary examination on matter which has not been searched. This Is 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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